Osteoporotic or malignant vertebral fracture? This is the question. What can we do about it?  by Hamimi, Ahmed et al.
The Egyptian Journal of Radiology and Nuclear Medicine (2015) 46, 97–103Egyptian Society of Radiology and Nuclear Medicine
The Egyptian Journal of Radiology andNuclearMedicine
www.elsevier.com/locate/ejrnm
www.sciencedirect.comORIGINAL ARTICLEOsteoporotic or malignant vertebral fracture? This
is the question. What can we do about it?* Corresponding author at: International Medical Center, Hail St.,
P.O. Box 2172, Jeddah 21451, Saudi Arabia. Tel.: +966 126509000,
+966 509338221, +20 1224793863.
E-mail addresses: ahmedhamimi@yahoo.com (A. Hamimi),
fkassab@imc.med.sa (F. Kassab), gkazkaz@imc.med.sa (G. Kazkaz).
Peer review under responsibility of Egyptian Society of Radiology and
Nuclear Medicine.
This paper has been presented as scientiﬁc presentation in 46 Annual
Meeting of Egyptian Society of Radiology & Nuclear Medicine held in
Alexandria (Hilton Green Plaza) April 2014; under patronage of
Alexandria Department of Diagnostic and Interventional Radiology.
http://dx.doi.org/10.1016/j.ejrnm.2014.11.010
0378-603X  2014 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V. All rights reservAhmed Hamimi a,b,*, Farid Kassab b, Ghaith Kazkaz ba Radiology Department, Faculty of Medicine, Alexandria University, Alexandria, Egypt
b International Medical Center, Jeddah, Saudi ArabiaReceived 17 May 2014; accepted 14 November 2014
Available online 6 December 2014KEYWORDS
MRI;
Vertebral fracture;
Malignant;
OsteoporosisAbstract Review: The differentiation between benign and malignant vertebral compression frac-
tures is a daily encountered problem particularly in elderly patients. It is important to differentiate
between malignant and osteoporotic compression fractures.
Aim of the work: To study the different MRI signs allowing to differentiate between benign and
malignant vertebral fractures.
Methods: A total number of 150 collapsed vertebrae (120 patients) were collected during a period
of 40 months. All were subjected to MRI evaluation. For half of patients diffusion weighted imag-
ing was performed. Biopsy was taken from 45 vertebrae.
Results: Average age of patients was 65 ± 2.3 years. The ratio of men to women was 1:1. Metas-
tases were seen in 70 and osteoporosis in 80 vertebrae.
Signs that showed statistically signiﬁcant value were Water line sign and sharp wedging in favor of
osteoporotic fractures and pedicle involvement, non signal drop in out of phase sequence, homog-
enous T1 hypointensity and restriction in DWI favoring malignancy.
Conclusions: Several signs are found to favor osteoporotic or malignant vertebral fractures. Chem-
ical shift and DWI are strong allies to morphological signs in differentiating between both entities.
Depending on a group of signs rather than one sign alone would increase the diagnostic accuracy.
 2014 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier
B.V. All rights reserved.1. Introduction
Atraumatic vertebral compression fractures are a common
clinical problem, especially in elderly population (1). Elderly
patients presenting with backache and vertebral collapse are
a diagnostic challenge. Plain X-rays, computed tomography
and radionuclide bone scans have not always reliably distin-
guished between benign and malignant causes. Magnetic reso-
nance imaging (MRI) may be able to do so (2). Distinguishing
normal spinal marrow from pathology is essential to avoided.
98 A. Hamimi et al.missing pathology or misinterpreting normal changes (3). In
literature; benign vertebral lesions occur in approximately
one third of cancer patients while metastatic vertebral lesions
account for 39% of bony metastases in patients with primary
neoplasm (4,5). In the elderly; a benign fracture can result
from minor trauma and make the interpretation of the lesion
difﬁcult if there is a known primary elsewhere (3,6,7).
The aim of this work is to study the different MRI signs
allowing to differentiate between benign and malignant verte-
bral fractures.
2. Methods
This is a retrospective study. A total number of 150 collapsed
vertebrae (130 patients) were gathered during a period of
42 months between June 2010 and October 2013. All were sub-
jected to MRI evaluation.
All MRI examinations were performed by Avanto 1.5 MRI
Siemens (Germany). The MRI protocol is:
Patient supine.
Foot ﬁrst.
A radio-frequency surface array receiving coil.
2.1. Sequences
Sagittal and axial T1 and T2 spine echo sequences, in-phase
and out-of-phase (Chemical shift sequence) in sagittal plane,
diffusion weighted imaging (DWI) with apparent diffusion
coefﬁcient (ADC) mapping are also done in sagittal plane.
T1 weighting with fat saturation was used in axial and sagittal
planes pre and post IV contrast administration. Coronal post
contrast sequences were sometimes used if there is suspicion
of lateral displacement or wedging (see Figs. 1–4).
STIR sagittal sequence is seen.
Post contrast imaging was used in 100 cases. A total of
20 ml of gadolinium based contrast were injected intrave-Fig. 1 (a) Sagittal T2WI and (b) sagittal T1WI after IV contrast
DV5 malignant fracture showing smooth convex retropulsion.nously with post contrast T1Fat sat images starts after 1 min
delay and all sequences to end after 7–10 min Table 1.
The sequences were categorized as follows:
 Morphological based sequences: based on conventional
sequence mainly T1WI, STIR and post contrast series.
 Chemical shift imaging: based on in-phase and out-of-phase
sequences.
 Functional imaging: based on DWI.
The ﬁnal diagnosis is reached via either biopsy in 45 verte-
brae or reaching a combined clinical and radiological consen-
sus after reviewing previous imaging data, bone scanning and
follow up in a period between 3 and 12 months with an average
of 4 months which was used in 65 cases; 55 malignant cases
and 10 of osteoporotic fractures.2.2. Statistical analysis
IBM SPSS statistics (V. 21.0, IBM Corp., USA, 2012) and
GraphPad Prism 6 for Windows version 6.03 (GraphPad
Software, San Diego, CA, USA) were used for data analy-
sis. Speciﬁcity, sensitivity, positive predictive value and neg-
ative predictive value were calculated for the most used
signs.
P-value was also calculated by Chi square test. Signiﬁcant P
value was considered if <0.05.3. Results
A total number of 150 collapsed vertebrae (130 patients) were
gathered during a period of 42 months between June 2010 and
October 2013. Average age of patients was 65 ± 2.3 years. The
ratio of men to women was 1:1.
History of cancer was known in 60 cases; 32 were cancer
breast, 12 were cancer colon, 4 myeloma, 1 leukemia, 1 Ewing
sarcoma and 10 lymphoma. Among the 60 cases; only two
cases were diagnosed as being sequel of osteoporosis rather
than being sequel of metastasis.
The number of vertebral metastases was 70 collapsed verte-
brae and that related to osteoporosis was 80 vertebrae.
Signs favoring neoplastic etiology were retropulsion with
convex posterior border, soft tissue epidural mass, soft tissue
paravertebral mass, pedicle involvement, homogenous
enhancement after IV contrast administration, other meta-
static lesions, no signal drop in out-of-phase sequence and high
signal in DW with/without restriction.
Benignity is suggested with the presence of T2 linear
hyperintensity (Water line sign), sharp angle wedged com-
pression, contagious multiplicity with intact neural arches,
no signiﬁcant or mild heterogeneous enhancement, no restric-
tion in DWI and signal drop in out-of-phase sequence
(Tables 2 and 3).
The signs that showed statistically signiﬁcant value in dif-
ferentiating between osteoporotic and malignant fractures
were:
Water line sign, sharp wedging and signal drop in out-of-
phase sequence in favor of osteoporotic fractures.
Pedicle involvement, homogenous T1 hypointensity and
restriction in DWI favoring malignancy.
(a) (c)
(d) (e) (f)
(b)
Fig. 2 (a) Sagittal T2WI showing Water line sign (arrow), (b) sagittal T1WI showing heterogeneous T1 hypointensity mainly at
subendplate region, (c) sagittal T1Fat sat post IV contrast showing heterogeneous enhancement, (d) axial T1Fat sat post IV contrast: with
mild pre and paravertebral enhancement, (e) DWI showing hyperintense signal and (f) ADC showing T2 shine through effect.
Osteoporotic fracture of L1.
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Atraumatic vertebral compression fractures are a common
clinical problem, especially in elderly population (1). In the
elderly; a benign fracture can result from minor trauma and
make the interpretation of the lesion difﬁcult if there is a
known primary elsewhere (3,6,7).
The majority of cases in our study were due to osteoporosis.
History taking was emphasized by many authors (8,9).
However, other stated that; benign vertebral lesions occur in
approximately one third of cancer patients while metastatic
vertebral lesions account for 39% of bony metastases in
patients with primary neoplasm (4,5). In our study; osteopo-
rotic fractures were only seen in two cases with a history of
malignancy.
The signs that showed signiﬁcant values in differentiating
between osteoporotic and malignant fractures were Water line
sign and sharp wedging in favor of osteoporotic fractures and
on the other hand pedicle involvement, non-signal drop in out
of phase sequence, homogenous T1 hypointensity, and restric-
tion in DWI favoring malignancy.Pedicle involvement is well known to be afﬁliated with
malignancy (10–12). However, Ishiyamaa et al. stated that:
Pedicle involvement was seen frequently in patients with oste-
oporotic compression fractures and was not speciﬁc for malig-
nancy in our study group (13). Our study objects to this
statement and pedicle involvement was a statistically signiﬁ-
cant parameter differentiating benign and malignant fractures
favoring the latter.
Homogenous replacement of vertebral bone marrow by T1
hypointensity is another morphological sign that was a statis-
tically signiﬁcant differentiating point favoring malignancy.
Osteoporotic fractures tend to have heterogeneous marrow sig-
nal due to edema and hemorrhage and rarely involve the whole
vertebral body in homogenous pattern as in malignancy. This
is emphasized by many authors (1,7,10–12).
The pattern of enhancement; being homogenous was
emphasized by many authors to be pathognomonic for malig-
nant fractures (14). Bhugaloo et al. stated that; the absence of
enhancement makes the likelihood of benign fractures high
(15). However, many studies as well showed that both malig-
nant and osteoporotic fractures showed intense enhancement
Fig. 3 Sagittal images of thoracic spine (a) T1WI showing
homogenous hypointensity, (b) STIR with hyperintense signal and
(c) post IV contrast showing homogenous enhancement. Metas-
tases from cancer breast.
(a) (b)
(c)
Fig. 4 (a) Sagittal in-phase, (b) sagittal out of phase, and (c)
axial T1 Fat sat post IV contrast: Non signal drop of lesion in L4
that showed hyperintense signal of the lesion at L4, and right
pedicle and epidural soft tissue component seen in axial image.
Metastasis from Ewing sarcoma.
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entities (12,16,17). We agreed to the latter in our study. We
note that there is signiﬁcant enhancement in osteoporotic frac-
tures in acute settings and extent of enhancement is lessened by
time. Another point is that enhancement in malignant involve-
ment tends to be homogenous and that of osteoporosis tends
to be heterogeneous. Enhancement is not a statistically
signiﬁcant differentiating point in our study.Diffusion weighted imaging (DWI) is a promising tech-
nique for assessment of vertebral lesions. Reports utilizing
DWI in differentiation between osteoporotic and malignant
vertebral fractures were dated since 1990s (18–25). Diffusion
weighted imaging permits assessment of Brownian movement
of water molecules and give increased sensitivity of detection
of certain pathologies in which water molecule diffusion is
restricted, adding functional prospective to MRI imaging. It
is known that due to packing of cells in malignant process
and reduction in the interstitial space; there is restriction of dif-
fusion while an increase in interstitial space due to hemorrhage
or edema in cases of osteoporotic fractures allows increased
mobility of water molecules. Thus we are expecting high signal
in DWI in malignant cases and low signal in osteoporotic cases
(22,26–29). Others suggest that both are hyperintense in DWI
and this may be partly explained by more homogeneous and
effective fat suppression particularly with 3.0-T MR units
(30,31). We concur with the last statement; our lesions were
hyperintense in our study and DWI signal was not a statisti-
cally signiﬁcant differentiating point.
On the other hand; restriction in DWI with high signal in
DWI and low signal in ADC maps was characteristic of malig-
nant fractures. Restriction is a salient feature of marrow
replacement by malignant cells. These ﬁndings agree with sung
et al. One problem that we expect is that infectionwould give the
same diffusion appearance as malignancy as agreed by Koh
et al. and Ballon et al. (32,33). Our study did not include any
case with known inﬂammatory spondylitis or spondylodiscitis.
Both qualitative and quantitative assessments of diffusion
weighted imaging were studded in many reports. In our study
we did not revert to quantitative assessment. We used DWI
based on echoplanner imaging (EPI). Quantitative assessment
was considered promising by many reports (33). However;
some others reported that there is great overlap in ADC value
between malignant and benign cases (28). Another problem is
that some malignant lesions will give different behavior in
DWI if under treatment. We believe that the seat for quantita-
tive DWI imaging is mainly in the follow up of response to
therapy.
Among the reasons for wide variation in reports of efﬁcacy
of DWI in differentiating malignant and osteoporotic vertebral
fractures are the extent and efﬁciency of fat suppression, non
standardization of the technique and recent suggestions of
adding a reference point including the paraspinal muscles,
spinal cord and an area of normal bone marrow also valid
for correction of T2 shine through effect (33,34).
Chemical shift imaging is a great addition to spinal imag-
ing. Chemical shift imaging takes advantage of the small dif-
ferences in precession frequency between fat and water
protons to determine the presence of microscopic fat and water
within the same imaging voxel. Water and fat protons have dif-
ferent precession frequencies and are in phase at a TE of
4.8 ms and are 180 opposed at a TE of 2.4 ms at 1.5 T. This
difference results in strong signal suppression if the amount
of fat and water is nearly equal. If the bone marrow is replaced
by tumor, there is a lack of signal loss on opposed-phase
images. Because fatty components within osteoporotic frac-
tures are more or less preserved, a stronger signal loss is
expected (35–37). Certain reports do not agree with that as
the percentage of fat to water in osteoporotic fractures has
been altered due to hemorrhage and edema and hence may
not give signiﬁcant signal drop (35).
Table 1 The parameters of MRI sequences used in our study.
T1 axial and sagittal T2 axial and coronal STIR Inphase–out-of-phase DWI
FOV 280 mm 280 280 180 280
Slices 13 13 13 19 14
Phase encoding direction H>F H>F H–F H–F A–P
Averages 4 3 2 3 5
TR (average) 530 ms 2400 ms 3450 55 4500
TE (average) 10 95 54 3–5 102
TA (average) 2:45 min 3:14 3:04 58 s 2:21
Table 2 Speciﬁcity and sensitivity of different signs in both osteoporotic and malignant fractures.
Sign Speciﬁcity Sensitivity
Osteoporotic Malignant Osteoporotic Malignant
Multiplicity 45 65 85 80
T1 homogenous hypointensity: 35 65 65 95
Water line sign 90 25 55 35
Sharp wedging 86 45 67 65
Smooth convexity 33 82 44 93
Pedicle involvement 30 75 40 90
Epidural soft tissue 21 65 30 88
Paravertebral soft tissue component 34 65 42 88
Enhancement 56 65 65 92
Signal drop in out of phase sequence 65 55 88 75
DWI: hyperintense signal 55 25 75 75
ADC: hypointense signal 85 72 65 80
Table 3 Positive predictive value, negative predictive value
and P-value of different signs in both osteoporotic and
malignant fractures.
Sign PPV NPV P value
Multiplicity 65 45 0.95
T1 homogenous hypointensity: 90 60 0.04*
Water line sign 95 46 0.002*
Sharp wedging 44 54 0.004*
Smooth convexity 85 70 0.001*
Pedicle involvement 90 65 0.04*
Epidural soft tissue 70 55 0.20
Paravertebral soft tissue component 70 55 0.20
Enhancement 85 88 0.21
Signal drop in out of phase sequence 80 95 0.003*
DWI: hyperintense signal 30 80 0.18
ADC: hypointense signal 90 55 0.04*
* P value <0.05 is signiﬁcant.
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nal drop in out of phase sequence such as some hemangio-
mata, pure lipomata and Modic’s subendplate degenerative
marrow changes.
In our study, chemical shift imaging was a statistically sig-
niﬁcant differentiating point. We believe that the major power
is in its negative predictive value that if a lesion showed a sig-
nal drop; the likelihood of malignancy is markedly diminished.
Fluid sign is another helpful ﬁnding in differentiating non-
malignant from malignant fracture. William et al. ﬁrst
described this sign as ﬂuid equivalent signal intensity located
adjacent to the end plate and suggested that it is commonlyseen in osteoporotic fracture. This sign is related to the severity
of the fracture and has been reported in rare cases of avascular
necrosis of the vertebral body. Baur et al. propose that in acute
osteoporotic fractures with bone marrow edema, ﬂuid is
pressed into space of osteonecrosis and causes ﬂuid sign on
MR imaging. In rare cases, the ﬂuid sign can also occur in
metastasis fractures because blood supply and vascularity in
the metastatic bone are likely to be more abundant than those
in the aged osteoporotic bone (36,37).
Pongpornsup et al. did not agree with that and found no
statistically signiﬁcant data to support this claim. We totally
disagree with that report (38). We believe that Water line sign
has a high positive predictive value and statistically signiﬁcant
value favoring osteoporotic etiology of vertebral fractures.
In our study; and in trial to help radiologist in their daily clin-
ical practice without the use of sophisticated; time consuming
techniques; we concentrated on morphological parameters that
allow distinction between malignant and osteoporotic vertebral
fractures and looked up for the help of DWI and chemical shift
imaging.We believe that there is no single parameter enough for
safe diagnosis of osteoporotic andmalignant vertebral fractures
as agreed by Pongpornsup et al. (38) and combination of signs is
necessary to achieve a good degree of radiological certainty as
the overlap between both entities and between both and certain
other lesions still exists.
5. Conclusions
The signs that showed signiﬁcant value in differentiating
between osteoporotic and malignant fractures were Water line
sign and sharp wedging in favor of osteoporotic fractures and
102 A. Hamimi et al.pedicle involvement, homogenous T1 hypointensity, non sig-
nal drop in out of phase sequence, and restriction in DWI
favoring malignancy.
Chemical shift and DWI are strong allies to morphological
signs in differentiating between both entities.
Depending on a group of signs rather than one sign alone
would increase the diagnostic accuracy.
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